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FOREWORD 
This report is a summary of the activities of the Power Affiliates 
Program in the Department of Electrical and Computer Engineering at the 
University of Illinois for the calendar year 1985. The information is 
intended to be a progress report to the affiliate companies. These companies 
are: 
Amoco Oil Company 
Arizona Public Service Company 
Bechtel Power Corporation 
Central Illinois Light Company 
Central Illinois Public Service Company 
Commonwealth Edison Company 
Doerr Electric Corporation 
General Electric Company 
Illinois Power Company 
Iowa-Illinois Gas and Electric Company 
Northern Indiana Public Service Company 
Pacific Gas and Electric Company 
Public Service Indiana 
Sargent & Lundy 
Sundstrand Corporation 
Union Electric Company 
Wisconsin Electric Power Company 
Wisconsin Power and Light Company 
This report was prepared for presentation at the Seventh Annual Review. 
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1. INTRODUCTION 
The electric power and energy systems area at the University of Illinois 
has been a significant part of the electrical engineering curriculum for well 
over 100 years. In the 1950's and 60's, a large portion of electrical engi-
neering students and faculty left the power area in favor of the rapidly growing 
fields of communications, electronics and control. In the 1970's, the national 
interest in electric power systems coupled with an oversupply of engineers in 
other areas contributed to a substantial return of interest in the power area. 
The 1980's have brought record-breaking enrollments in electrical engi-
neering as the digital computer age matures. With reduced federal funding of 
research in power and energy systems, the support provided by the Power 
Affiliates Program is more important now than ever before. The support shows 
the strong interest which still endures for an active power program at the 
University of Illinois. 
This report is a summary of the seventh-year activities dire.ctly related to 
the Power Affiliates Program as well as those indirectly related but perhaps 
stimulated by the existence of such a program. The detailed objectives and 
organization of the program are described in Reference [1]. 
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2. FINANCIAL STATEMENT 
The following tabulation of income and expenditures for the calendar year 
1985 was prepared from a detailed University statement as of December 31, 1985, 
Reference [2]. 
Income carried over from the calendar year 1984 
Total income during calendar year 1985 
Total available income during calendar year 1985 
Expenditure 
Item 
Graduate 
Assistantships 
Class trips, travel 
Communications, clerical, 
supplies, reports, 
conference fees, and 
administration 
Total expenditure: 
Summary 
Expenditure 
Amount 
$28,000.00 
477.00 
14,691.00 
$43,168.00 
Amount available during calendar year 1985 
Amount expended during calendar year 1985 
Balance as of December 31, 1985 
-$16,044.00 
53,500.00 
$37,456.00 
Percentage of 
Total ExpenditQres 
65 
1 
34 
100 
$37,456.00 
- 43,168.00 
-$ 5,712.00 
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3. THE POWER PROGRAM ~vi THIN THE DEPARTMENT 
As of 1979, all entering electrical engineering students are required to 
complete 128 hours of course work for a B.S.E.E. degree. A detailed description 
of the undergraduate program as well as a suggested curriculum in Power are given 
in Reference [3]. All M.S.E.E. students are required to complete a minimum of 
6 units (18-24 credit hours) and complete a graduate thesis. All Ph.D. students 
must qualify through written examination and complete course and thesis require-
ments. A detailed description of the graduate program is given in Reference [4]. 
The Electrical and Computer Engineering Department is subdivided into eight 
areas as follows: 
Bioengineering and Acoustics 
Circuits and Signal Processing 
Computer Engineeri~g 
Communication and Control 
Electromagnetics 
Physical Electronics 
Power and Energy Systems 
Remote Sensing and Propagation 
While the Department does not have official options in each of these areas, the 
eight areas serve as a representative grouping of major faculty activity and 
interest. A faculty committee is assigned to each area and given the respon-
sibility for "maintaining" that area within the Department. 
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The Power and Energy Systems Area Committee and associated faculty for the 
1985-1986 academic year together with their general interests are: 
M. A. Pai, Chairman (Dynamics and Stability of Power Systems) 
R. W. Burtness (Solid State Hotor Drive Systems) 
J. M. Crowley (Applied Electrostatics) 
M. S. Helm (Emeritus, Power System Analysis) 
R. Marino (Visiting, Control of Power Systems) 
P. v. Kokotovic (Optimization and Control of Power Systems) 
P. W. Sauer (Computer Simulation of Machines and Power Systems) 
M. Ilic'-Spong (Analysis and Control of Power Systems) 
M. E. VanValkenburg (Network Analysis) 
A detailed summary of each faculty member's research activities is given in 
Reference [5]. 
In addition to the above faculty, the following Visiting Scholars have 
participated in the Power Program this past year: 
A. Kaypmaz (Tearing and Diakoptics) 
S. Peresada (Motor Drive Control) 
W. Jiang (Tearing and Diakoptics) 
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One of the primary responsibilities of the Power and Energy Systems Area 
Committee is to update and staff the courses assigned to the Power and Energy 
Systems Area. In 1985-1986 those courses were: 
EE260 Introduction to Circuit Analysis (Joint responsibility) 
EE330 Electromechanics 
EE333 Electric Machinery 
EE336 Advanced Electromechanical Energy Conversion I 
EE356 Applied Electrostatics 
EE364 Power Electronics 
EE368 Solid State Motor Drive Systems 
EE376 Power System Analysis I 
EE378 Power System Analysis II 
EE452 Computer Methods in Electric Network Analysis (Joint responsibility) 
EE473 Operation and Control of Power Systems 
EE476 Dynamics and Stability of Power Systems 
EE497MIS Advanced Modeling and Control of Electrical Machine Systems 
EE497MKS Advanced Electric Machine Modelling and Dynamics 
The three-hundred level courses are undergraduate courses, while the four-hundred 
level courses are graduate. Of these courses, EE336, EE473 and EE497MKS were 
not taught during the 1985-86 academic year. The Power and Energy Systems Area 
Committee is currently evaluating each course outline for possible revision in 
future semesters. A brief description of each of these courses, together with 
the enrollment of the past year, are included in the next section. 
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4. COURSES &~ ENROLLMENT 
As one of eight major areas in Electrical and Computer Engineering, the 
Power and Energy Systems Area is responsible for a considerable number of 
courses. The current courses assigned to the power area are described briefly 
below. The total annual enrollment for the 1985-1986 academic year is also 
given for each course. 
EE260 Introduction to Circuit Analysis (Primary responsibility for this course 
is assigned to the circuits and signal processing area committee.) 
EE260 is a three-hour course and is the first course that all electrical 
engineering students must take after their math, physics and computer science 
requirements. The course introduces elementary signal waveforms, electrical 
component models, basic principles of circuit analysis including d-e, and tran-
sient and sinusoidal steady-state analyses. The topical outline includes R, L, 
C and source elements, Kirchhoff's laws, node and mesh equations, Thevenin and 
Norton equivalents, controlled sources, transient switching d-e analysis, and 
impedance and transfer functions for steady state. The course is also taken by 
many nonelectrical engineering students. The required text was: J. Nilsson, 
"Electric Circuits." The total enrollment for academic year 1985-1986 was 935. 
EE330 Electromechanics 
EE330 is an introductory course in electromechanics, presenting both the 
electric and magnetic quasi-static fields for analysis of energy conversion 
devices. The origin of forces and torques, together with the full mechanical 
dynamics of Newton's Second Law (NSL), are discussed. The concepts of flux 
linkage, energy, coenergy and the resulting induced voltages are presented for 
their inclusion in Kirchoff's Voltage La~¥ (KVL). Conservation of power and 
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energy is emphasized in energy balance analysis. An introduction to rotating 
machines is generally included as illustrative examples. Particular emphasis is 
given to the interaction between the electrical system (KVL) and the mechanical 
system (NSL). The required text is "Electromechanical Dynamics," Part I by 
H. H. Woodson and J. R. Melcher. This course is not required, but is in a list 
of three advanced three-hour EE courses of which one must be taken. The other 
two are probability and solid state devices. The total enrollment for the aca-
demic year 1985-1986 was 91. 
EE333 Electric Machinery 
This four-hour course contains a laboratory one-credit hour component which 
is an elective in a list of 14 from which students select two. The laboratory 
component closely follows the three hour lectures. The fifteen experiments typi-
cally include power measurement, power factor correction, transformer charac-
teristics, three-phase transformer connections, induction motor tests, induction 
motor torque-speed characteristics, synchronous machine tests, synchronous 
machine power characteristics, digital simulation of machine dynamics, over-
current relay operation, an interconnected multimachine system, and a written 
plus oral project presentation on power and energy system topics. The required 
· text was Fitzgerald, Kingsley and Umans, "Electric Machinery." The total 
enrollment for the academic year 1985-1986 was 22. 
EE336 Advanced Electromechanical Energy Conversion I 
This three-hour course contains advanced theory and analysis of power 
system devices including transformers and all rotating machines. It includes 
the steady-state as well as dynamic analysis of unbalanced operation of three-
phase transformers, induction, synchronous and d-e machines. The analysis uses 
symmetrical components and dq transformations. Emphasis is placed on the 
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time scale modelling of electromechanical devices and the solution of differen-
tial dynamic as well as algebraic steady-state equations. This course is an 
advanced EE elective. 
EE356 Applied Electrostatics 
EE356 is a comprehensive course in the theory and applications of 
electrostatics. Examples are selected from a wide variety of areas, including 
computer peripherals, copying equipment, electric power systems, biomedical 
instrumentation, and smoke detectors. A topical outline includes electrostatic 
fields, free charge, surface charge, volume charge, corona, individual charge 
dynamics, behavior of charged surfaces and volumes, and high voltage generation 
and measurement. This course is an advanced three-hour EE elective. The 
current required text is "Applied Electrostatics" by J. M. Crowley. The total 
enrollment for the academic year 1985-86 was 10. 
EE364 Power Electronics 
This three-hour course is a comprehensive treatment of power electronic 
devices and their use in the control of power systems. Topics included are 
switching matrices, existence functions, phase angle control, voltage control 
and pulse modulation, all converters and the high power considerations in 
diodes, thyristors, bipolar transistors and field effect transistors. This 
course is an advanced EE elective. The required text in academic year 1985-1986 
was "Switching Power Converters" by Peter Wood. The enrollment was 17. This 
course is available on video tape. 
EE368 Solid State Hotor Drive Systems 
The silicon controlled rectifier and the integrated circuit have opened 
wide the field of both d-e and a-c motor drive systems for electric automobiles, 
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trucks, locomotives, track vehicles, off-highway vehicles and countless industrial 
drive systems. This course describes the general principles involved in the 
systems as well as the general characteristics of the various component parts of 
the systems including inverters, frequency converters, motors, generators and 
control systems. This course is an advanced EE three-hour elective. The 
current required text is "Solid-State D-C Motor Drives" by A. Kusko. The 
total enrollment for the academic year 1985-1986 was 15. 
EE376 Power System Analysis I 
This three-hour course is the first of two courses on power-system analy-
sis. Topics included are power system equivalents, network analysis, load flow, 
fault analysis, symmetrical components, unsymmetrical fault analysis, and 
introductions to economic dispatch and reliability. The course is designed to 
give the basic fundamentals of power system analysis and give preparation for 
the follow-on course. This course is an advanced EE elective. The required 
text in the academic year 1985-1986 was "Elements of Power System Analysis" by 
W. D. Stevenson. The enrollment was 19. 
EE378 Power System Analysis II 
This three-hour course is the second of two courses on power system analy-
sis. Topics included are economic operation of power systems, optimal load flow 
concepts, automatic generation control, relaying and protection, classical 
transient stability, modelling for dynamic and transient stability, and d-e 
transmission. This course is an advanced EE elective. The required text in the 
academic year 1985-86 was "Power Generation, Operation and Control" by Hood and 
Wollenberg . The enrollment was 13. 
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EE452 Computer Methods in Electric Circuit Analysis 
EE452 is a graduate course designed for both electric power and electronics 
students. The course presents the fundamental computer algorithms utilized to 
analyze large scale circuits. Applications in both the power and electronics 
area are given. The following topics are presented: Network topology and cir-
cuit equations, branch constraints and problem formulation, solution of sparse 
linear algebraic equations, solution of nonlinear algebraic equations, power and 
electronic system applications, solution of piecewise linear algebraic equations, 
explicit and implicit numerical integration methods, transient analysis of power 
and electronic circuits, sensitivity analysis and decomposition. The course 
texts are "Computer Aided Analysis of Electronic Circuits" by Chua and Lin, and 
"Computer Techniques in Power System Analysis" by Pai. This course is a graduate 
1 unit (three hour) elective. The total enrollment for the academic year 
1985-1986 was 17. 
EE473 Operation and Control of Power Systems 
EE473 is a new 1 unit (three-hour) graduate course in the power systems 
area. The course includes energy control center functions, power system 
operating states, supervisory control and data acquisition, state estimation, 
on-line load flow, security assessment, economic dispatch, automatic generation 
control, optimal load flow, security constrained economic dispatch, multistage 
rescheduling and equivalents. The course typically also includes a trip to a 
local energy control center. There is currently no text available. Notes and 
journal articles supplement the lectures. 
EE476 Dynamics and Stability of Power Systems 
EE476 is a new 1 unit (three-hour) graduate course in the power systems 
area. The course includes the dynamic representation of interconnected power 
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systems - electrical plus mechanical, linearized dynamic models of multimachine 
systems, methods of coherency identification, order reduction by singular per-
turbation, time scale decomposition and aggregation techniques, dynamic equiva-
lents, direct methods of $tability analysis and power system stabilizer design. 
The current texts available are "Power System Control and Stability" by Anderson 
and Fouad, "Power System Stability" by Pai, and "Time Scale Hodeling of Dynamic 
Networks with Applications to Power Systems" edited by Chow. The total 
enrollment in this course during academic year 1985-1986 was 3. This course is 
available on video tape. 
EE497MIS Advanced Modeling and Control of Electrical Machine Systems 
This course was designed as a link between the research in electrical 
machines and power electronics (on one side) and control theory on the other 
side. The state-of-the-art open questions in machines and power electronics are 
studied via well-known tools in nonlinear control theory. Also, machines pro-
vide excellent examples for some of the most recent developments in the control 
area. Electrical machines are recognized here as a particular subclass of 
nonlinear models (time varying periodic, when the speed is constant). Floquet 
theory and state-space averaging are used on these models to bring them into a 
form of linear, time invariant models for which the control theory analysis and 
design are well understood. Further, based on the established theory, the 
course introduces advanced microprocessor based control schemes of electric 
machines with power electronics components. The material leads to novel possi-
bilities of microprocessor based control of electrical machines, the area of 
rapidly growing practical interest. The course combines the knowledge from 
different fields for a better understanding of the issues involved in modern 
control of electric motor drives. Internal notes by H. Ilic'-Spong are 
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available for the course. The course is being videotaped this year, and there 
are approximately 30 students from Sundstrand Co. follo~ving it. Total 
enrollment on campus is 11 this year and was 16 last year. 
EE497MKS Advanced Electric Machine Modelling and Dynamics 
EE497}~S is a proposed new 1 unit (three-hour) graduate course in the 
machines area. It has been offered once as a special topics course and is 
currently being proposed for permanent listing. The course includes the 
detailed an~lysis of single-phase machines, unbalanced polyphase machines, 
arbitrary reference frame theory, reduced order modelling by singular pertur-
bation, operational impedances and time scales, stability .of machines, and 
control of machines by power electronics. There is no text available at this 
time. Notes and journal articles are currently used to supplemenh lectures. 
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NUMBER OF POWER AREA GRADUATES FOR RECENT YEARS 
1950-1970 Annual Average Power Area Graduates 
B. S. E. E • - 25 
M.S.E.E. - 3 
1971-1980 Annual Average Power Area Graduates 
B.S.E.E. - 44 
M.S.E.E. - 7 
1981-1982 Power Area Graduates 
B.S.E.E. - 44 
M.S.E.E. - 4 
1982-1983 Power Area Graduates 
B.S.E.E. - ·33 
M.S.E.E. - 5 
Ph.D.E.E. - 2 
1983-1984 Power Area Graduates 
B.S.E.E. - 25 
M.S.E.E. - 3 
Ph.D. E. E .- - 1 
1984-1985 Power Area Graduates 
B.S.E.E. - 19 
M.S.E.E. - 4 
Ph.D.E.E. - 2 
1985-1986 Power Area Graduates (expected) 
B.S.E.E. - 30 
M.S.E.E. - 6 
Ph.D.E.E. - 1 
These figures do not include the significant number of graduates in related 
fields who have performed research in the application of control to power 
systems. 
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5. GRADUATE STUDENTS AND PROJECTS 
This section of the report contains the listing of graduate students whose 
major research efforts were influenced directly by the Power Affiliates Program 
during the calendar year 1985. While not all of these students received finan-
cial aid from the Power Affiliates Program in terms of Research Assistantships, 
they were all associated with the program through the active involvement of 
their respective advisors. Those students supported by the Power Affiliates 
Program received maximum one-half time Research Assistantships for 11 months. 
The results of their work will be made available to all affiliate companies in 
the form of technical reports. The following students were associated ~nth the 
Power Affiliates Program, and their work is described in the following pages: 
Behera, Anup (Ph.D.) 
Christensen, John (Ph.D.) 
Crow, Mariesa (M.S.) 
Dobraca, Fadil (M.S.) 
Khorasani, K. (Ph.D.) 
Liebezeit, Kurt (M.S.) 
Mak, Fong (M.S.) 
Maness, Rick (M.S.) 
Martina, Mark (H.S.) 
Othman, Hisman (Ph.D.) 
Rajagopalan, Chithra (M.S.) 
Taylor, Dave (M.S.) 
Varghese, Abe (M.S.) 
Vens, Jim (M.S.) 
Name: 
Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D.: 
Advisor: 
Support: 
Research Title: 
Status: 
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Anup K. Behera 
September 24, 1958 
India 
May 1980 (I.I.T. India) 
May 1982 (U. of I.) 
in progress 
P. W. Sauer 
Partial Department of Energy, Partial University of Illinois 
Teaching Assistantship 
"Stability Analysis of Power Systems with Detailed Models'· 
Continuing 
ABSTRACT 
This project is investigating practical algorithms for transient stability 
analysis suitable for on-line application in Dynamic Security Assessment. A 
generalized potential energy method is being developed for use with systems con-
taining detailed models of machines and control systems. Ways to include pro-
tective relaying action are also being considered. The objective of the research 
is to give operators a realistic and useful evaluation of the consequence of 
major disturbances. The emphasis is on extending security analysis concepts to 
include the dynamic response of the system in transition from one operating 
point to another. Preliminary results of portions of this research have been 
published in [6,7]. 
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Name: John P. Christensen 
Date of Birth: June 5, 1960 
Place of Birth: Los Angeles, CA 
B.S.: December 1981 (U. of I.) 
M.S.: July 1983 (U. of I.) 
Ph.D.: in progress 
Advisor: M. Ilic-Spong 
Support: NSF-PYI, Power Affiliates Program 
Research Title: "Strategies for Real-Time Voltage/Var ~1onitoring, Communications, 
and Control" 
Status: Continuing 
ABSTRACT 
Historically, the reactive power and voltage control problem has been con-
sidered as a local problem and local controls were implemented throughout the 
system under an assumption that the effects of particular controls would not be 
felt far from their location. An empirical approach to designing voltage 
control strategies for systems is not sufficient since a miscoordination of 
available controls is likely to result due to slow acting voltage controls. 
In this work, we approach reactive power-voltage monitoring, communications 
and control problems incorporating these slow acting control loops as a hierarch-
ical, large scale systems problem and discuss the control issues involved. 
Preliminary results of this work have been published in [8,9]. 
Name: 
Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D.: 
Advisor: 
Support: 
Research Title: 
Status: 
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Mariesa L. Crow 
April 13, 1963 
Marion, Indiana 
August 1985 (University of Michigan) 
in progress 
H. Ilic-Spong 
NSF-PYI, Power Affiliates Program 
"Transient Stability Simulation by Waveform Relaxation 
Techniques .. 
Continuing 
ABSTRACT 
Efficient use of advances in computer technology, e.g., parallel processors 
for power system dynamic response calculations, requires the development of 
efficient algorithms. In recent years, the time domain simulation of VLSI cir-
cuits containing thousands of nodes has been speeded up by a new technique 
called waveform relaxation (WR) method. This numerical method is iterative, 
where one iteration step is referred to as a "sweep. The integration on dif-
ferential equations in the (k+l)st sweep is reduced to integrating one differen-
tial equation in one unknown X. k 1 at a time. l., + The other variables, x1 ,k' XZ,k' 
xi-l,k-1' xi+l,k' ••• , xn,k' are known from the previous sweep k. In the 
VLSI literature, a typical implicit numerical integration method used to perform 
this step is the Backward Euler Algorithm. We adopt the same for very large 
scale power systems (VLSP). 
The purpose of this work is to introduce and demonstrate the potentialities 
of the WR technique to power systems. Preliminary results are reported in [10]. 
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Name: Fadil Dobraca 
Date of Birth: September 20, 1953 
Place of Birth: Sarajevo, Yugoslavia 
B.S.: November 1976 (U. of Sarajevo) 
H.S.: in progress 
Ph.D.: 
Advisor: 
Support: 
Research Title: 
Status: 
H. Ilic-Spong 
NSF-PYI, Power Affiliates Program 
"A New Approach to the Systemwide Protection of a Large Power 
System" 
Continuing 
ABSTRACT 
This research proposes a new concept in selective protection using digitized 
voltage and current measurements. A "primary nested minimal protection unit" is 
defined as a subnetwork or component bounded by the smallest cutset of circuit 
breakers such that on the basis of computer analysis and decision, the fault is 
known to be located "inside" the protection unit. An inherently adaptive scheme 
emerges in the following sequence of steps: 
1. Haintain data base of breaker status. 
2. Determine at each circuit breaker whether the fault is ahead or behind 
the breaker. 
3. Determine the current nested miniMal protection unit. 
4. Trip all circuit breakers on the cutset which defines the minimal 
nested protection unit. 
S. Proceed to step 3 if breaker fails or fault persists. 
Preliminary results are reported in [11]. 
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Name: Khashayar Khorasani 
Date of Birth: March 23, 1960 
Place of Birth: Tehran, Iran 
B.S.: May 1981 (U of I) 
M.S.: December 1982 (U of I) 
Ph.D.: May 1985 (U of I) 
Advisor: M. A. Pai 
Support: Illinois Office of Advanced Engi~eering Studies 
Research Title: "Stability and Control of Nonlinear Singularly Perturbed 
Systems with Applications to Power Systems" 
Status: . Report available (PAP-TR-85-2) 
ABSTRACT 
This research deals with the asymptotic stability improvements of nonlinear 
singularly perturbed systems. First, it is shown that the estimates for the 
perturbation parameter and/or region of attraction could be improved compared to 
current methodologies in the literature. This is obtained by taking higher-
order corrections to the slow and fast subsystems. Second, it is shown that the 
slow coherency transformation when applied to the system energy function results 
in three components, namely, V 1 , Vf for each area, and V · • Depend-s ow ast fast-slow 
ing on the disturbance, a selective use of these energy functions predicts the 
critical clearing time accurately. Alternatively, the system dynamic equations 
can be first decoupled into slow and fast subsystems and then the energy function 
method is applied. This is found to be computationally attractive. 
Results are published in [12-14]. 
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Name: Kurt T. Liebezeit 
Date of Birth: February 26, 1958 
Place of Birth: Chicago, Illinois 
B.S.: (B.S.M.E., Ju~e 1981, u of I) 
M.S.: (M.S.M.E., June 1982, u of I) 
Ph.D.· : 
Advisor: P. W. Sauer 
Support: Power Affiliates Program 
Research Title: "Characterization of Steady State Stability Limits" 
Status: Technical report in preparation 
ABSTRACT 
This project analyzes a published theorem on steady-state stability regions 
for power systems with constant power loads. An example which appears to 
contradict the theorem is presented. The theorem and counter example are 
discussed to determine the condition of the theorem which is either violated or 
incorrect. 
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Name: Kurt T. Liebezeit 
Date of Birth: February 26, 1958 
Place of Birth: Chicago, Illinois 
B.S.: (B.S.M.E., June 1981, u of I) 
t1 .S.: (M.S.M.E., June 1982, u of I) 
Ph.D.: 
Advisor: M. Ilic-Spong 
Supp~rt: Hughes Aircraft 
Research Title: "Switching Power Regulator l1odeling and Simulations" 
Status: Continuing 
ABSTRACT 
This project is considering buck type regulators for power supplies using 
power electronic high speed switching. The project includes modeling and simu-
lation as well as hardware development. It involves the control strategy of 
modern electronic power supplies both from a theoretical as well as practical 
point of view. 
Name: Fong-Kiong Mak 
Date of Birth: June 27, 1960 
Place of Birth: Jahor, Malaysia 
B.S.: December 1983 (WVU) 
M.S.: in progress 
Ph.D.: 
Advisor: M. Ilic-Spong 
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Support: NSF-PYI, Power Affiliates Program 
Research Title: ~ Instantaneous Torque Control of Switched Reluctance Drives" 
Status: Continuing 
ABSTRACT 
This research introduces the fundamental principles of instantaneous torque 
control for the switched reluctance motor. Generally, this type of machine does 
not satisfy the conditions for the existence of a reference-frame transformation 
that will eliminate the rotor position dependence from the voltage and torque 
equations. Hence, a Floquet transformation is used to express the equations of 
the SR motor in a rotating reference frame. We propose a piecewise lineariza-
tion of nonlinear magnetic characteristics for a drive to account for saturation. 
A piecewise linearization with respect to current is crucial for extending the 
Floquet theory based variable transformations to this case. However, any smooth 
function in rotor angle r can be used to approximate the flux linkage charac-
teristics. Recent results are reported in [15, 16]. 
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Name: Rick Maness 
Date of Birth: September 12, 1961 
Place of Birth: Kansas City, MO 
B.S.: t1ay 1985 (University of Missouri, Rolla) 
M.S.: in progress 
Ph.D.: 
Advisor: M. A. Pai 
Support: University of Illinois Electrical and Computer Engineering 
Department (Teaching Assistantship) 
Research Title: "Computation of the Region of Stability in Power Systems" 
Status: Continuing 
ABSTRACT 
Knowledge of the region of asymptotic stability (RAS) associated with the 
equilibrium points of a power system under various fault conditions is necessary 
to ensure stability of the system when faults occur. If it can be established 
that some region around an equilibrium point in the state space is asymptotically 
stable, then by starting at some point in the region and numerically integrating 
the state equations backward in time to find system trajectories, the RAS can be 
estimated. All points in the state space reached by this trajectory "reversing" 
method must be asymptotically stable. Starting at several points in a region 
known to be asymptotically stable provides various trajectories. Thus, by 
repeated application of the trajectory reversing method, a good estimate for the 
RAS can be established. 
For higher-order systems, projection of the region of attraction on two-
dimensional subspace may be quite useful. One of the aims of the project will 
be to establish the connection between the potential energy boundary surface 
(PEBS) in the angle space and the region of attraction in the state space of 
angles and relative velocities. 
Name: 
Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D: 
Advisor: 
Support: 
Title: 
Status: 
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Mark Martina 
September 25, 1961 
Decatur, IL 
May 1984 (U. of I.) 
January 1986 
M. A. Pai 
Power Affiliates Program 
"Torque-Angle Loop Analysis of Power Systems with an Improved 
Machine Model" 
Technical Report in Preparation 
ABSTRACT 
Current power system stabilizer design configurations are based primarily 
on models including only field flux decay and mechanical modes together with the 
excitation system. This work extends the current design methodology to include 
the effects of synchronous machine damper windings. Results of this research 
have been summarized in [17,18]. 
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Research Title: "Time Scale Energy Functions" 
Status: Continuing 
ABSTRACT 
The purpose of this research is to use singular perturbation methods to 
assess the stability of large scale power systems. The conservation and 
equilibrium manifolds are used to cast the dynamics of the power system into an 
explicit singularily perturbed model. At the zeroth-order level, the dynamics, 
as well as the energies of the power system, are decomposed into a slow part and 
a number of independent fast parts. The objective is to use either the slow 
energy or one of the fast energies or a combination of both to determine the 
critical clearing time (t ) for a given fault in the original power system. 
cr 
On the other front we are trying to get a transformation that will decompose 
the energy function as well as the dynamics of the original system into slow and 
fast energies and subsystems. The practical usefulness of this investigation 
lies in the ability to do fast on-line stability analysis as part of a dynamic 
security assessment scheme. 
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B.S.: May 1984 (IIT-Kharagpur) 
M.S.: August 1985 (U of I) 
Ph.D.: in progress 
Advisor: P. w. Sauer 
Support: NSF-PYI, Power Affiliates Program 
Research Title: "Dynamics of Voltage Collapse" 
Status: Technical Report in Preparation 
ABSTRACT 
Most reported analyses of the voltage collapse phenomenon describe only 
steady-state characteristics coupled with tap changing underload transformer 
(TCUL) operation. In this work, multimachine dynamics were investigated to 
determine optical modes of instability as a function of system loading. The 
results showed that field flux decay was the critical mode for cases without 
excitation systems. For cases with excitation systems, the critical mode was 
the slow complex pair attributed to the interaction of the excitation system 
with the machine field flux linkage. The results of this work have been 
reported in [19]. 
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Ph.D.: in progress 
Advisor: P. W. Sauer 
Support: Power Affiliates Program 
Research Title: "Multimachine Aggregation" 
Status: Continuing 
ABSTRACT 
This work is just beginning as an extension of previous work on the 
aggregation of simple machine models. Aggregation is the process of developing 
equivalent machines which capture the fundamental dynamics of a group of mac~ines. 
While results are available for detailed models linearized about a no-load con-
dition, this work seeks more practical equivalents of nonlinear models at any 
load level. 
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Research Title: "Nonlinear Modeling and Control of Switched Reluctance Motors" 
Status: Continuing 
ABSTRACT 
This research investigates nonlinear control techniques for switched reluc-
tance motors. A mathematical model is proposed which takes into account the 
crucial nonlinearities of the motors. Using this model, control strategies such 
as feedback linearization, composite control and variable structure are developed. 
The feedback linearization approach utilizes a nonlinear state feedback to pro-
vide an exact cancellation of nominal nonlinearities so that the motor has 
linear dynamics in the new coordinates. The composite control consists of high-
gain current feedback to separate time-scales along with feedback linearization 
of the reduced slow subsystem. The variable structure approach employs discon-
tinous feedback controls to obtain approximate nonlinearity compensation. The 
common goal of all these techniques is to produce linear dynamics which can be 
readily controlled by conventional means. In each approach, the robustness 
issue is addressed by including adaptation capabilities. 
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P. W. Sauer 
Power Affiliates Program 
"Dynamic Performance of Sy~chronous Machines with Under-
excitation Limiters" 
Technical Report in Preparation 
ABSTRACT 
Generator power capability curves give regions of acceptable real and 
reactive power operations. While these curves are based on both thermal and 
steady-state stability constraints, this project focused on the st~bility 
limits. The traditional PQ circle that describes the steady-state stability 
limit was shown to be exactly the region in which the "fi.eld flux decay mode" of 
a single machine infinite bus is stable. This gives a dynamic justification for 
the name stability region and identifies the critical mode. The effect of mini-
mum excitation limiters on the dynamic response of regulated machines was also 
investigated. Portions of these results have been summarized in [19]~ 
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in progress 
P. W. Sauer 
Partial National Science Foundation, Partial University 
of Illinois Teaching Assistantship 
"A Systemwide Approach to Reduced Order Modeling of Power 
Systems" 
Continuing 
ABSTRACT 
This work has just begun, and seeks to provide systemwide reduced order 
models of machines and power systems. The concept of integral manifolds is 
being used together with averaging to produce improved low order models of 
synchronous machines and their controls. The objective is to retain only the 
critical differential equations, but include the effects of higher order dynamics 
through algebraic equations. 
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"Return Fan Control" 
Continuing 
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ABSTRACT 
The project involves the continuation of research into advanced control 
concepts for heating, ventilating and air conditioning systems. Return fan 
control is being investigated as part of a complete control strategy for the 
test system at CERL. Mathematical models, as well as actual scale models, are 
being constructed. The actual scale model will be used to test practical return 
air fan control and at the same time validate the mathematical model. 
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6. UNDERGRADUATE PROJECTS 
While the majority of research projects funded through the Power Affiliates 
Program is oriented towards graduate students, a substantial effort is made to 
interest undergraduate students in the challenges of the power area. In many 
cases, juniors and seniors select special projects which supplement their 
required coursework. These projects often involve considerable time and effort 
of both the students and faculty. Funds are used to purchase small pieces of 
equipment and provide hourly income to summer students. 
A Model Power System for Laboratory Experiments 
The goal of this project is to develop a realistic system to allow labora-
tory work in power system analysis, operation, and control. An eight-bus three-
machine system rated at 30 kVA has been built and used as a demonstration in the 
existing laboratory course. A commercial speed controller (Cutler Hammer) pro-
vides speed control for one of the three shunt d-e motors which serve as prime 
movers. A locally designed pulse-width-modulated d-e converter is available to 
provide automatic voltage control, and will eventually serve as an electronic 
speed control. 
The power laboratory Apple lie computer system (Furnished by General 
Electric Co.) is currently being prepared to serve as a SCADA device for the 
system. Software for load flows, system modifications, and graphic display have 
been written and tested. Hardware and software for direct computer control of 
relays have been successfully demonstrated. Efforts on data acquisition and 
other aspects are continuing. 
-33-
Propagation of Transients Through Power Supplies 
There is a considerable interest among computer manufacturers in 
understanding how typical disturbances propagate through conventional as well as 
proposed power supplies. In this project, the newly proposed IEEE low voltage 
transient tests are being analyzed in connection with motor generator sets, 
uninterruptible power supplies, and DC converters. The objective is to deter-
mine acceptable power criteria for sensitive equipment. 
Time Scales in Transmission Line Transients 
This project is investigating the time scale property of transmission lines 
modeled as multisegment RLC blocks. The objective is to d~termine which models 
are appropriate for certain dynamic phenomena. For example, we seek to under-
stand which dynamic mode is represented by the Thevenin equivalent pi section 
which arises from steady-state analysis. Understanding the time-scale nature of 
the dynamic modes enables systematic reduced-order modeling. 
Three-Dimensional Graphics for Constructing Manifolds 
This project was initiated to give a three-dimensional view of reduced~ 
order slow manifolds obtained in synchronous machine modeling. Specifically, it 
can be shown that the damper winding manifold can be expressed as a function of 
the two mechanical variables -- angle and speed. This project is developing 
computer software to give a geometric representation of that surface together 
with dynamic trajectories during disturbances such as faults. 
Propagation of Transients Through Low Voltage Circuits 
This project is concerned with the propagation of voltage surges through 
low voltage internal wiring. Actual internal wiring circuits were tested for 
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modeling parameters (RLC) to be used in transient simulations. Standard 1.2 x 
5.0 impulses were simulated at the sending end, and the open circuit voltage of 
various lengths of cable was computed. The receiving voltage transient became 
oscillatory as the cable length increased. This correlated well with the new 
IEEE recommended test waveform for low voltage equipment. 
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7. ACTIVITIES 
The faculty and students in the Power and Energy Systems Area participated 
in a considerable number of special activities this past year. The major events 
are listed below: 
a. PES Winter Meeting 
b. Sargent and Lundy Faculty Engineering Conference 
c. EE333 student class trip to Electromotive 
d. American Power Conference 
e. International Symposium on Transient Stability 
f. PES Summer Meeting 
g. EPRI project review meetings with ECC 
h. DOE project review meetings with General Electric 
i. lAS Annual Meeting 
j. Midwest Power Symposium 
k. Hosted guest lecturers from industry 
1. Conference on Decision and Control 
m. IFAC Symposium on Power Systems 
n. American Control Conference 
o. Power Industry Computer Applications Conference 
p. Weekly power systems seminars 
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8. LABORATORY FACILITIES 
Virtually all of the University of Illinois laboratories are available to 
students studying in the power and energy systems area of Electrical 
Engineering. The electric machinery laboratory is located on the ground floor 
of the Electrical Engineering Building. It is primarily an instructional 
laboratory capable of accommodating classes of 12 with potential to expand to 
classes of 24. Although much of the equipment is at least 20 years old, it is 
sufficient and plentiful for introductory undergraduate instruction in rotating 
machinery, transformers, elementary system concepts, and other power fundamen-
tals. The laboratory is being equipped for real-time monitoring and control of 
four interconnected machines and loads. The small model power system is used 
for undergraduate instruction and has the potential for use in graduate research 
in the control of interconnected machines. 
The high-voltage laboratory was dismantled some time ago, and converted 
into the current Bioengineering Laboratory. While there has been some interest 
recently in high-voltage phenomena by both undergraduate and graduate students, 
there are no current plans to revitalize the high-voltage lab. The electric 
machinery laboratory students have in the past taken field trips to Kearney 
Corporation in Chicago to observe actual high-voltage testing procedures and 
demonstrations. 
Perhaps the most widely used laboratory for both education and research is 
the Digital Computer Laboratory of the University of Illinois. Two Control Data 
Corporation CYBER !75's are available through a remote job site on the first 
floor of the Electrical Engineering Building. The Electrical Engineering remote 
job site is controlled by a PDP 11 computer to support a card reader, high-speed 
line printer and 23 remote interactive time-sharing terminals. The use of the 
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digital computer has been integrated into virtually all of the power courses. 
The facilities are also used extensively by the members of the power and energy 
systems area faculty and their graduate students in research efforts. The 
facilities are very useful in the development of interactive programs. The 
DEC 10 computer located in the Coordinated Science Laboratory is also available 
for graduate research. The PLATO system, which was initially created by the 
Computer Science Department, is used extensively in many areas of the under-
graduate curriculum. 
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